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Background
To date, more than 50 million people
worldwide are living with dementia, and
by the end of 2050, nearly 152 million
individuals with dementia (IWD) are ex-
pected implying increasing human, eco-
nomic, and social costs (Patterson, 2018;
Pickett et al., 2018). As a result of the dis-
ease-specific decrease in cognitive func-
tion and motor performance, dementia
is a main reason for the loss of auton-
omy, and the accelerated need for help
and institutionalization in aging (Bürge
et al., 2017;WorldHealthOrganization&
Alzheimer’sDisease International, 2012).
Furthermore, the cognitive and physi-
cal deteriorations translate into hierar-
chical decline of activities of daily living
(ADL) with progressing dementia (Jo-
hansenet al., 2020; Mlinac&Feng, 2016).
Instrumental ADL require higher cogni-
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tivedemands (e.g., handlingfinances, go-
ing shopping) and are usually impaired
at early dementia stages (Boyd, Wilks,
& Geiger, 2018; Martyr & Clare, 2012).
With the progression of the disease, ad-
ditional problems with the performance
of basicADL (e.g., bathing, toileting, eat-
ing) arise (Boyd et al., 2018; Martyr &
Clare, 2012). These impairments lead
to an elevated dependency in daily life,
a reduction of quality of life (Giebel, Sut-
cliffe, & Challis, 2015), and are related to
a higher risk of falling in IWD (Henry-
Sánchez, Kurichi, Xie, Pan, & Stineman,
2012).
Between 50 and 80% of individuals
in nursing homes are suffering from de-
mentia, implying a higher care burden in
terms of time and costs as compared to
nursing home residents free of demen-
tia. Studies found a relationship between
deficits inADL performance of individu-
als in nursing homes with perceived for-
mal caregiver burden (Miyamoto, Tachi-
mori, & Ito, 2010; Sun, Mainland, Orn-
stein, Sin, & Herrmann, 2018). More-
over, an increase of total resource use
(hours per week) in nursing homes is as-
sociated with ADL dependence of nurs-
ing home residents (Sköldunger et al.,
2019). Thus, there is a need for in-
terventions which address improving or
maintaining ADL performance in IWD
in nursing homes.
High development costs and negative
side effects of drug therapies in dementia
care lead to an increased demand of non-
pharmacological approaches like physi-
cal exercise (PE) interventions (Sopina
& Sørensen, 2018). The benefits of PE on
cognition(e.g., executive function,mem-
ory), motor performance (e.g., strength,
balance, gait performance), and ADL
have been increasingly documented in
the last few years (Forbes, Forbes, Blake,
Thiessen, & Forbes, 2015; Lam et al.,
2018). Studies showed that PE interven-
tions may improve or even slow down
the progression of ADL deterioration in
IWD living in nursing homes (Bossers
et al., 2016; Bürge et al., 2017; Toots
et al., 2016). Nevertheless, the results of
the studies warrant caution of overinter-
pretation. Intervention periods ranging
from 7 weeks up to 1 year, different
settings (nursing homes, home care),
different content or focus of PE inter-
ventions (only PE vs. combination of
PE with cognitive training or social in-
tervention), various training conditions
(e.g., group vs. individuals training), and
the implementation of different training
parameters in terms of exercise duration
and frequency, may complicate the com-
parison of study results (Forbes et al.,
2015).
The primary aim of the present study
was to investigate the effect of a 16-week
multimodal exercise program (MEP)
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on ADL performance in IWD within
a multicenter randomized controlled
trial (RCT). To this end, we developed
a dementia-specific MEP based on the-
oretical recommendations and a pilot
study (Thurm et al., 2011). The inter-
vention program combines both motor
and cognitively stimulating exercises
aiming at a higher efficacy on cognitive
function, motor performance and ADL
performance in IWD. Moreover, the
MEP was developed for a sustainable
implementation in nursing homes subse-
quent to the trial. We hypothesized that
participants of the intervention group
(IG) who underwent the MEP would
change their ADL performance com-
pared to participants of a control group
(CG) who only received conventional
treatment.
Considering the heterogeneous re-
sults of previous studies on the effects of
PE interventions on ADL performance,
our secondary aim was to explore the
individual responses to our MEP with
regard to ADL performance between
positive-, negative-, and non-responders
(positive-R, negative-R, and non-R).
We hypothesized that responder groups
would differ in terms of cognitive func-
tion and motor performance at baseline.
Inorder toexamine thecomplex interplay
of ADL performance, we investigated
motor and cognitive functions that may
explain ADL performance. We hypoth-
esized that various motor and cognitive
assessments may explain the variability
in ADL performance, and that these re-
sults may provide valuable implications
for the design of further intervention
studies.
Methods
This multicenter was developed and car-
ried out by our research group at Karl-
sruhe in Germany. A 16-week MEP for
individuals with mild to moderate de-
mentia was implemented in 36 nursing
homes in southwestern Germany. The
MEP was developed based on a pilot
study (Thurm et al., 2011) and a liter-
ature review (Scharpf, Servay, & Woll,
2013). The intervention program com-
bines both motor und cognitively stim-
ulating exercises as well as the ritualiza-
tion of the program sequences. Ethical
approval for the study was provided by
Karlsruhe Institute for Technology. The
study was retrospectively registered in
the GermanNational Register of Clinical
Trials (DRKS00010538). The following
sectionsprovideanabbreviatedsummary
of the study methodology. A more de-
tailed methodological study description,
especially with regard to the MEP, can
be found in the published study protocol
(Trautwein, Scharpf, Barisch-Fritz, Nier-
mann, & Woll, 2017). The effects of the
MEPongaitandmotorperformancehave
been published recently (Trautwein et al.,
2020; Barisch-Fritz, Trautwein, Scharpf,
Krell-Roesch, & Woll, 2021), while the
focus of this paper is on the effects on
ADL performance.
Study design and participants
The multicenter randomized controlled
trial includedbaselineandpost-interven-
tion assessments of cognition function,
motor performance and ADL. Partici-
pants were allocated to the IG or CG us-
ing minimization software (MinimPy0.3
Saghaei & Saghaei, 2011). A power anal-
ysis with G*Power 3 (Version 3.1.9.2,
two-factor analysis of variance with re-
peated measurements, two groups, and
two measurements, α= 0.05, β= 0.80,
η2= 0.01) resulted in a total sample
size of 200 participants (Faul, Erdfelder,
Lang, & Buchner, 2007). We expected
that 35% of participants would drop out
of the study or have missing data. Thus,
270 participants for the total sample are
required. As attendance and adherence
to exercise interventions are not well
documented in previous studies (Forbes
et al., 2015), and a higher dropout rate
was assumed in the IG (e.g., due to
motivational problems), the sample of
the IG was doubled. Hence, we aimed at
a total sample size of 405 participants.
Participants were identified by health-
care professionals in the nursing homes.
Prior to baseline assessments, informed
consent was signed by potential partici-
pants themselves or their legal guardian.
Inclusion criteria were (1) diagnosis of
primary dementia or “suspected demen-
tia” (i.e., without a confirmed diagnosis
or awaiting further clinical evaluation)
verified by general practitioners and/or
basedonICD-10criteria, (2)MiniMental
State Examination (MMSE) with mild to
moderate status (MMSE: 10–24), (3) age
>65 years, (4) being able to walk for ap-
proximately 10 meters and (5) clearance
by a general practitioner. Participants
with secondary dementia, other severe
cognitive impairments, neurological or
severely acute diseases, severemotor im-
pairments and/or no informed consent
were excluded.
Intervention
The 16-week dementia-specific MEP
was implemented, with two sessions per
week, each lasting 60min. Every training
session was designed as an imaginary
journey with a ritualized arrival and
departure element aiming to give par-
ticipants orientation and familiarization.
The mere exercise time included a com-
binationofmotor and cognitive tasks and
took about 45min. In detail, strength,
balance, endurance and flexibility tasks
were performed at various durations and
with medium to submaximal intensity.
Small trainingdevices, suchasdumbbells
(1–4.4 Ibs), sandbags (~ 1 Ibs), skipping
ropes or pool noodles where integrated
into the exercises. Furthermore, differ-
ent cognitive tasks were embedded in the
MEP to stimulate cognitive functions,
i.e., memory (e.g., remembering the des-
tination of the last imaginary journey),
attention (e.g., remembering a certain
sequence of numbers), language (e.g.,
naming animals), and executive function
(e.g., learning to perform according to
visual or acoustic signals). Throughout
the 16-week MEP, a progression of in-
tensity of motor and cognitive exercises
were planned and carried out, e.g., by
increasing difficulty level or the number
of exercise repetitions. Exercise intensity
followed a predefined progression plan
throughout the intervention period and
was supervised by experienced instruc-
tors. Examples of different motor and
cognitive tasks and their progression are
presented in the appendix (Supplemen-
tary Table 1). In order to achieve a high
degree of standardization, all instructors
received a detailed manual of the MEP
and underwent a special training pro-
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gram concerning the content of the MEP
as well as the characteristics of the study
sample. Furthermore, only instructors
with theoretical and practical knowledge
in sport science guided the MEP during
the intervention study.
Outcomes
ADL (primary outcome measure) were
assessed by a proxy-based question-
naire, the Barthel Index (BI; Mahoney
& Barthel, 1965) and two performance-
based assessments, i.e., the Erlangen
Test of Activities of Daily Living (E-ADL;
Graessel et al., 2009)and the7-itemPhys-
ical Performance Test (PPT-7; Reuben
& Siu, 1990). The BI is a widely used
questionnaire in geriatric care to assess
functioning of older individuals in daily
life. Usually, it is completed by caregivers
and contains ten items: feeding, moving
from a wheelchair to bed and return,
personal toilet, getting on and off toilet,
bathing, walking on level surface, ascend
and descend stairs, dressing, controlling
bowels and controlling bladder. The BI
sum score ranges from 0 (totally depen-
dent) to 100 (independent) (Mahoney
& Barthel, 1965). The PPT-7 contains
seven activities of everyday life: 50-feet
walk, putting on and removing a jacket,
simulated eating, writing a sentence,
putting a book into a shelf, a 360° turn,
and picking up a penny from the floor.
The maximum attainable score of the
PPT-7 is 28, with a higher score indicat-
ing a better ADL performance (Reuben
& Siu, 1990). The PPT-7 was found to
be feasible and reliable in IWD (Farrell,
Rutt, Lusardi, & Williams, 2010). The
E-ADL is the only ADL assessment that
was specifically developed for IWD. It is
performance-based and comprises five
typical routines of daily life: cutting
bread, pouring a drink, opening a cup-
board, washing hands and tying a bow.
The total score of the E-ADL ranges from
0–30, with a higher score representing
better results. The E-ADL has good
validity and test-retest reliability in IWD
(Graessel et al., 2009).
For the explorative analysis of respon-
der groups and underlying functions of
ADL performance, we defined cognitive
function and motor performance as sec-
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Abstract
We aimed to examine the effects of a 16-
week multimodal exercise program (MEP) on
activities of daily living (ADL) in individuals
with dementia (IWD). Furthermore, we
investigated the participants’ individual
response to the MEP and whether baseline
cognitive andmotor performance explain ADL
performance. We conducted a multicenter
randomized controlled trial (RCT) involving
319 participants aged ≥65 years with mild to
moderate dementia. ADL were assessed at
baseline and after the 16-week intervention
using the Barthel Index (BI), the Erlangen
Test of Activities of Daily Living (E-ADL) and
the 7-item Physical Performance Test (PPT-
7). We additionally assessed cognitive and
motor performance using standardized and
validated assessments. Intervention effects
were examined through two-factor analysis of
variance with repeatedmeasurements app-
lying a per protocol and an intention-to-treat
analysis. We compared baseline cognitive
and motor performance between positive-
responders (positive-R), non-responders
(non-R), and negative-responders (negative-
R) and examined cognitive and motor
performance as potential cofounders of ADL
by conducting multiple regression analyses.
There were no significant time×group effects
on ADL. Between 20 and 32% of participants
responded positively to the intervention, i.e.,
improved ADL performance from baseline
to follow-up. Positive-R had worse baseline
motor performance compared to non-R.
Cognitive and motor performance explained
up to 51.4% of variance in ADL. The MEP had
no significant overall effect on ADL in IWD.
This may be related to insufficient exercise
intensity. However, our results indicate
that the response to the MEP depends on
individual prerequisites which should thus be
considered in further research on individual
exercise approaches.
Keywords
Older adults · Cognitive impairment · Physical
exercise · Nursing home · Intervention study
ondary outcomes. We assessed overall
cognition with theMiniMental State Ex-
amination (MMSE; Folstein, Folstein, &
McHugh, 1975), learning and memory
with Digit Span forward and backward
(Wilde, Strauss, & Tulsky, 2004), pro-
cessing speed with the Trail Making Test
PartA (TMT-A;Reitan, 1958), andvisual
spatial function with the Clock Draw-
ing Test (CDT; Shulman, Shedletsky, &
Silver, 1986). To assess motor perfor-
mance, we used the modified 30-second
chair stand test (30s CST) for lower limb
strength (Blankevoort, van Heuvelen, &
Scherder, 2013), the Short Physical Per-
formance Battery (SPPB; Guralnik et al.,
1994) for lower limb function, Frailty and
Injuries: Cooperative Studies of Inter-
vention Techniques (FICSIT-4) for bal-
ance (Rossiter-Fornoff,Wolf, Wolfson, &
Buchner, 1995), and Timed-Up and Go
(TUG; Podsiadlo &Richardson, 1991) as
well as a 6-meter walk test (6MWT; Gra-
ham, Ostir, Kuo, Fisher, & Ottenbacher,
2008) for mobility. The reader is referred
to the study protocol (Trautwein et al.,
2017)foramoredetaileddescriptionofall
motor and cognitive assessments. Fea-
sibility of the motor assessments were
discussed with an international expert
panel before the conduct of this study.
Furthermore, a standardized testing pro-
cedurewas developed by the expert panel
(Trautwein et al., 2019). Subsequently,
the applied test battery has been checked
for feasibility in IWD.
Statistical analysis
Statistical analysis was done with SPSS
27.0 (IBM Corporation, Armonk, NY,
USA) for Windows with alpha (α) set
a priori at 0.05 for all tests. To inves-
tigate the effect of the MEP on ADL
performance between IG and CG, we
using two different approaches (per pro-
tocol, intention to treat). This approach
was also addressed but not further speci-
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fiedwithin the study protocol (Trautwein
et al., 2017). First, a per protocol analysis
was performed including all participants
with sufficient attendance to the MEP
(only IG: ≥75%, at least 24 of 32 train-
ings sessions) and a complete assessment
(IG and CG: baseline, post) of at least
one ADL assessment. In IWD, atten-
dance to PE interventions and possible
barriers (e.g., illness, previous exercise
experience) vary widely (van der Wardt
et al., 2017). A minimum of 75% for
the per protocol analysis was defined on
the basis of mean attendance rates of
previously published studies with sim-
ilar intervention period, duration, and
frequency of training sessions, as well as
sample sizes (Telenius, Engedal, & Berg-
land, 2013; Tootsetal., 2016). Second,we
imputedmissing data of the primary out-
comes for an intention-to-treat analysis
using multiple imputation (fully condi-
tional specification imputation method,
ten imputations, ten iterations). Data of
deceased participants was not imputed.
ADL performance was considered as pri-
mary outcome and motor performance
and cognitive function were considered
as predictors. Furthermore, to ensure
plausibility of data, other constraints like
minimum and maximum values in each
variable according to observed ranges,
rounding according to original data, 100
maximal case draws and tenmaximal pa-
rameter draws were defined. We consid-
ered pooled results as provided by SPSS.
If SPSS did not support this pooling pro-
cedure for several statistical analyses, we
reported ranges observed throughout the
imputations.
Before carrying out statistical analy-
ses, required assumptions were tested.
Differences in baseline characteristics
between IG and CG were calculated
using unpaired T-tests, Chi-square (X2)
tests and Mann–Whitney U tests. Nor-
mally distributed data are presented
as means (M) and standard deviations
(SD). To investigate group-, time- and
interaction effects of the MEP, two-
way repeated measures analysis of vari-
ance (ANOVA) and paired T-tests were
calculated for primary outcomes. The
calculated effect sizes are Cohen’s d for
paired and unpaired T-tests and ηp2 for
two-way repeated measures ANOVA.
Furthermore, we applied an explo-
rative approach for the secondary aim,
i.e., the responder-analysis. Previous
studies often focused on main effects
and group differences; however, the
need to consider individual responses to
exercise programs in IWD is currently
discussed (Yu, Salisbury, & Mathiason,
2021). We decided against a simple “re-
sponder” and “non-responder” division
as proposed in a previously published ar-
ticle (Müllers, Taubert, & Müller, 2019),
and additionally defined a group with
maintaining ADL performance, which
may be considered as partial success of
physical exercise in IWD. To this end,
we divided the IG of the per protocol
sample into three groups based on distri-
bution-based methods (i.e., information
about the standardmeasurement error of
the assessments within the per protocol
analysis): positive-R (positive change of
10% and more in ADL performance),
negative-R (negative change of 10% and
more in ADL performance), and non-R
(change between positive and negative
10% in ADL performance). We com-
pared baseline cognitive function and
motor performance between these re-
sponder groups using Kruskall–Wallis
test, and one-factor ANOVA. Dun-
n–Bonferroni tests and Tukey–Kramer
post hoc tests were used for post hoc
analysis. For the analysis of underlying
mechanisms of ADL performance, mul-
tiple regression analysis with stepwise
selection were used with BI, E-ADL, and
PPT-7 as dependent variables, and the
already mentioned motor and cognitive
assessments as independent variables.
The calculated effect size was f2.
Results
Sample
Inall, 600 IWDwere screened foreligibil-
ity of study participation between March
2015 and March 2017, and 319 persons
were considered as suitable for the study:
201participantswere randomlyallocated
to the IG and 118 participants to the CG
after baseline assessment. Please refer to
. Fig. 1 for a flow chart of participants.
Dropout rate in both IG and CGwas 8%.
Baseline characteristics of the per
protocol sample
. Table 1 presents the baseline character-
isticsof theperprotocol sample (n= 191).
The mean age of the participants was
86 years (SD 6 years) and 86% of the
sample was female. A mean MMSE
value of 17 (SD 4) indicated moderate
cognitive impairment at baseline. More
than three quarters of the per proto-
col sample used walking aids (walker:
70%; walking sticks: 8%). Mean value
on the CIRS morbidity index was 9
(SD 5) and the mean number of re-
quired medications was 7 (SD 4). In
22% of the per protocol sample, the
intake of antidementia medication was
confirmed. Statistically significant dif-
ferences in baseline characteristics of the
per protocol sample between IG and CG
were observed for the use of walking
aids (X2(2)= 6.254, p= 0.044), number of
medications (t(148)= 2.622, p= 0.010),
and body mass index (t(178)= 2.041,
p= 0.043). Baseline characteristics of the
intention-to-treat sample are provided in
the Appendix (Supplementary Table 2).
Effects of the MEP on ADL
performance
Per protocol sample
Participants of the IG in the per pro-
tocol sample had a mean adherence of
91%. Mean values and SD of primary
outcomes are presented in . Table 2.
At baseline, no statistically significant
differences between IG and CG in ei-
ther ADL assessments (Barthel Index,
E-ADL, PPT-7) were observed (p> 0.05
for all). We did not observe any sta-
tistically significant time×group effects
(p> 0.05, ηp2= 0.004–0.019; . Table 3).
Also, there were no significant within-
group time effects from baseline (t0) to
post-measurement (t1) in either ADL
assessments for the IG.
Intention-to-treat analysis
An analysis of missing data indicated
missing values ranging between 3.7%
(PPT-7at baseline) and 23.6% (BI at
baseline), and 226 of 319 data sets were
incomplete with respect to ADL per-
formance. Two-way repeated measures
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Fig. 19 Flow of partic-
ipants. ADLActivities of
Daily Living, BI Barthel-In-
dex, E-ADL Erlangen Test
of Activities of Daily Liv-
ing,nnumber,PPT-7 7-item
Physical Performance Test
ANOVAs showed no statistically signif-
icant time×group effects for either ADL
outcome (p> 0.05, ηp2= 0.000–0.013).
For E-ADL, the intervention group
showed a statistically significant de-
crease from baseline to post assessment
(t(277)= 2.301, p= 0.022). We observed
no other statistically significant within-
group time effects. Details of the sta-
tistical analysis of the intention-to-treat
sample are shown in the Appendix (Sup-
plementary Table 3).
Explorative responder-analysis
(per protocol, intervention group)
A responder analysis in the interven-
tion group of the per protocol sample
showed that 20.2% (E-ADL), 30.7%
(PPT-7), and 31.7% (BI) of participants
of the IG responded positively to the
MEP (Supplementary Table 4). The ma-
jority of participants of the IG showed
no changes in the primary outcomes
(50.0–68.3%), and between 19.3 and
27.0% had a decrease in their ADL per-
formance that was greater than 10%.
With regard to the Barthel Index, no
negative-responderswereobserved(Sup-
plementary Table 4). The comparison
of baseline values in cognitive function
and motor performance between differ-
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86 (6) 67–98 85 (7) 67–97 87 (5) 70–98 t(189)= 1.886, p= 0.061
Sex, female 86% 83% 89% X2(1)= 1,418, p= 0.234
Diagnosis of dementia
Yes 70% 71% 68%
No 17% 19% 14%
Unknown 13% 10% 18%
X2(2)= 2.701, p= 0.259
Type of dementia
Alzheimer’s disease 19% 18% 19%
Vascular dementia 23% 31% 15%
Mixed dementia 4% 3% 6%
Other 2% 3% 0%
No/unknown diagnosis 52% 45% 60%
X2(4)= 7.948, p= 0.094
MMSE [M (SD), range] 17 (4), 10–24 17 (4), 10–24 17 (4), 10–24 t(188.103)= 0.619, p= 0.537
Use of walking aid
Walker 70% 63% 77%
Waking stick(s) 8% 8% 9%
No walking aid 22% 29% 14%
X2(4)= 7.948, p= 0.094
CIRS [M (SD), range]
Morbidity Index 9 (5), 1–26 9 (4), 1–20 10 (6), 2–26 t(113)= 0.798, p= 0.426
Severity Index 1.6 (0.4), 1–3 1.5 (0.4), 1–3
Not available for 33%
1.6 (0.5), 1–3
Not available for 47%
z= –0.202, p= 0.840
Number of medications
[M (SD), range]





28.5 (4.4), 19.7–48.5 27.1 (4.8), 17.6–38.0 t(178)= 2.041, p= 0.043
BMI Body Mass Index, CG control group, CIRS Cumulative Illness Rating Scale, df degree of freedom, IG intervention group,Mmean, MMSEMini-Mental State
Examination, n number, SD standard deviation
Statistically significant results appear in bold
Table 2 Mean values and standard deviations of primary outcomes
Baseline Post Difference baseline–post
Mean SD Mean SD Mean SD CI95
IG (n= 63) 69.7 18.7 72.3 18.8 –2.619 14.420 –6.251–1.013BI
CG (n= 61) 67.2 20.2 65.6 21.5 1.639 16.475 –2.580–5.859
IG (n= 89) 26.3 4.3 25.9 4.3 0.416 4.293 –0.489–1.320E-ADL
CG (n= 75) 26.6 4.1 26.7 3.5 –0.107 4.444 –1.129–0.916
IG (n= 88) 12.7 4.7 13.0 5.6 –0.318 3.647 –1.091–0.455PPT-7
CG (n= 73) 12.4 4.4 11.8 4.7 0.548 3.606 –0.293–1.389
BI Barthel Index, CG control group, E-ADL Erlangen Test of Activities of Daily Living, IG intervention
group, n number, PPT-7 7-item Physical Performance Test, SD standard deviation
ent groups of ADL responders revealed
statistically significant results for BI and
E-ADL performance (. Table 4). With
regard to the Barthel Index, positive-R
performance at baseline was signifi-
cantly worse compared to non-R for
SPPB (p= 0.002, d= –0.993), 30-STS
(p= 0.008, d= –0.786) and FICSIT-4
(p= 0.036, r= –0.378). A one-way
ANOVA revealed significant differences
between E-ADL responder groups for
FICSIT-4, and CDT. The post hoc analy-
sis showedstatisticallysignificantlyworse
performance of positive-responders in
FICSIT-4at baseline, compared to non-
responders (p= 0.012, MD= –1.146, CI95
[–2.084 to0.208]). ForCDT, thepost hoc
analysis was not significant. We found
no statistically significant differences
between PPT-7 responders for baseline
motor and cognitive performance.
Explorative regression analysis
(per protocol sample)
For baseline Barthel Index, weak tomod-
erate correlations with baseline cognitive
function and motor performance were
found (|r|= 0.141–0.349, p< 0.05). In
a multiple regression analysis model,
baseline FICSIT-4 and TUG were sta-
tistically significant regression coeffi-
cients (p< 0.05). This model explained
14.3% of variance in baseline BI (F(2,
152)= 13.819, p< 0.005). For baseline
E-ADL, weak correlations with baseline
cognitive function and motor perfor-
mance were found (|r|= 0.118–0.170,
p< 0.05) and only baseline MMSE was
a statistically significant coefficient in
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Table 3 Effects of theMEPonADL performance (per protocol sample)
Baseline differences Within-group effects Time×group effects
t(df) p t(df) p Effect size d F
(dfnumerator, dfdenominator)
p Effect size ηp2
IG n= 63 t(62)= –1.442 0.154 0.254BI
CG n= 61
t(122)= 0.707 0.481
t(60)= 0.777 0.440 0.015
F(1, 122)= 2.350 0.128 0.019
IG n= 89 t(88)= 0.914 0.363 0.106E-ADL
CG n= 75
t(162)= 0.445 0.657
t(74)= –0.208 0.836 0.052
F(1, 162)= 0.584 0.446 0.004
IG n= 88 t(87)= –0.818 0.415 0.087PPT-7
CG n= 73
t(159)= 0.469 0.640
t(72)= 1.298 0.198 0.152
F(1, 159)= 2.274 0.134 0.014
BI Barthel Index, CG control group, CI95 95% confidence interval, df degrees of freedom, E-ADL Erlangen Test of Activities of Daily Living, IG intervention group,
Mmean, n number, PPT-7 7-item Physical Performance Test, SD standard deviation,MEPmultimodal exercise program
Table 4 Statisticallysignificantdifferencesbetweenpositive-responders,non-respondersandnegative-responders (perprotocol, interventiongroup)
Positive-R Non-R Negative-R Between group difference
Mean (SD) Mean (SD) Mean (SD) F(dfnumerator, dfdenominator)/X2(df)/t(df)/z, p
Post hoc analysis
BI
SPPB (n= 48) 5.4 (3.1) 7.8 (2.3) – t(46)= –3.243, p= 0.002, d= –0.993 –
30s CST (n= 52) 7.1 (3.1) 9.7 (3.3) – t(50)= –2.758, p= 0.008, d= –0.786 –
FICSIT (n= 59) 1.7 (1.3) 2.6 (1.5) – z= –2.907, p= 0.036, r= –0.378 –
E-ADL
FICSIT (n= 88) 1.5 (1.3) 2.7 (1.4) 2.1 (1.4) F(2, 85)= 4.474, p= 0.014, ηp 2= 0.095 p= 0.012, MD= –1.146,
CI95 [–2.084–0.208] a
CDT (n= 82) 2.5 (1.0) 3.3 (1.3) 2.7 (1.4) X2(2)= 6.070, p= 0.048 n. s.
30s CSTmodified 30 seconds chair stand test, BI Barthel Index, CDT Clock Drawing Test, CI95 95% confidence interval, df degrees of freedom, E-ADL Erlangen
Test of Activities of Daily Living, FICSIT Frailty and injuries: cooperative studies of intervention techniques,Mmean, n number, n. s. not significant, SD standard
deviation, SPPB Short Physical Performance Battery, STS Sit-to-Stand Test
a Post hoc analysis: statistically significant better performance of non-compared to negative responders
multiple regression analysis (p< 0.05).
The model explained 2.4% of the vari-
ance in baseline E-ADL performance
(F(1, 197)= 5.843, p= 0.017). For
baseline PPT-7, weak to high corre-
lations with baseline cognitive function
and motor performance were found
(|r|= 0.198–0.609, p< 0.05). In multi-
ple regression analysis, a model with
TUG, gait speed calculated from the
6MWT, FICSIT-4, 30-STS and DS for-
ward as coefficients explained 51.4% of
the variance in PPT-7 performance (F(5,
196)= 43.581, p< 0.005). Please refer to
. Table 5 for the results of the multiple
regression analyses.
Discussion
Effects of the MEP on ADL
performance
The primary aim of this paper was to
investigate the influence of a 16-week
multimodal exercise program on ADL
performance in IWD. We did not ob-
serve any significant time-group effects
(ηp2: 0.004–0.019) of the 16-week MEP
on ADL performance in IWD. There-
fore, we could not confirm our hypothe-
sis that participants of theMEP improved
their ADL performance compared to the
CG. Previous studies that investigated
the effects of PE on ADL performance
in IWD living in nursing homes yielded
heterogeneous results. While some stud-
ies did not find any significant effects
(Henskens, Nauta, Drost, & Scherder,
2018; Lamb et al., 2018), others found
a slowed deterioration of ADL compared
to a control group (Bürge et al., 2017;
Littbrand, Lundin-Olsson, Gustafson, &
Rosendahl, 2009; Rolland et al., 2007;
Toots et al., 2016) or positive effects of
PE on ADL performance (Bossers et al.,
2016). Nevertheless, all these studies dif-
fered in terms of sample characteristics,
setting, intervention period and inter-
vention content, hampering a compar-
ison and a critical handling with these
findings is thus recommended (Forbes
et al., 2015). Studies that yielded posi-
tive effects had longer intervention pe-
riods, higher training frequency, smaller
groups or one-to-one sessions, and/or
an adaption of intensity of exercise con-
tent during the intervention. We could
not reach our aim to increase intensity
throughout the intervention, which may
be a main reason for our non-signifi-
cant results. Moreover, even though two
training sessions are recommended for
nursing home residents (de Souto Bar-
reto et al., 2016), this was feasible for our
sample but might not have been suffi-
cient. Furthermore, the baseline differ-
ences inwalking-aid use were not further
addressed within our analysis, but may
have influenced the intensity adaption
throughout our intervention period. In-
structing a group inwhich some IWDuse
walking aids and others do not may have
complicated the implementation of in-
tensity adaptions, especially with regard
to ensuring the safety of the participants.
These mentioned challenges underline
the difficulty to adapt exercise intensi-
ties in a highly heterogeneous sample.
German Journal of Exercise and Sport Research
Main Article
Table 5 Impact of underlyingmotor and cognitive function onADLperformance (per protocol analysis)
Coefficients Model
B SE β t p R2 Adjusted R2 F(dfnumerator, dfdenominator), p f2
BI (n= 155)
Constant 70.985 4.896 – 14.497 <0.001 – – – –
FICSIT 3.801 1.143 0.271 3.326 0.001 – – – –
TUG –0.348 0.145 –0.196 –2.406 0.017 – – – –
Model 0.154 0.143 F(2)= 13.819, p< 0.001 0.182
E-ADL (n= 199)
Constant 24.689 1.071 – 23.044 <0.001 – – – –
MMSE 0.145 0.060 0.170 2.417 0.017 – – – –
Model 0.029 0.024 F(1)= 5.843, p= 0.017 0.029
PPT-7 (n= 202)
Constant 5.330 1.822 – 2.926 0.004 – – – –
TUG –0.095 0.029 –0.236 –3.310 0.001 – – – –
Walking Speed 6.563 1.517 0.291 4.328 <0.001 – – – –
FICSIT 0.703 0.174 0.216 4.033 <0.001 – – – –
30s CST 0.204 0.070 0.170 2.894 0.004 – – – –
DS, counting forward 0.491 0.184 0.132 2.676 0.008 – – – –
Model 0.526 0.514 F(5)= 43.581, p< 0.001 1.120
30s CSTmodified 30 seconds chair stand test, BI Barthel Index, df degrees of freedom, DS Digit Span, E-ADL Erlangen Test of Activities of Daily Living,
FICSIT Frailty and Injuries: Cooperative Studies of Intervention Techniques,MMSE Mini Mental State Examination, n number, PPT-7 7-item Physical Performance
Test, SE standard error, TUG Timed Up and Go Test
Another reason for our non-signifi-
cant results may be the high variability of
ADL performance that was also reported
in a previous study (Bürge et al., 2017).
Moreover, even though the BI, E-ADL
and PPT-7 were used in other studies
with IWD before, it must be noted that
they may not be specific enough to de-
tect subtle changes in ADL performance
in IWD. The sensitivity of the BI and
its objectivity in assessing ADL perfor-
mance of IWD living in nursing homes
must be seen critical (Yi et al., 2020).
Nevertheless, we decided to use the BI
as a proxy-based evaluation tool, and to
include an external assessment in addi-
tion to the performance-based tests as
they may have been influenced by daily
form or mood of the participants. How-
ever, we are aware that the BI may not
have captured the effects of our MEP.
Moreover, the E-ADL was rated as too
easy for individuals with mild demen-
tia (Luttenberger et al., 2012). Origi-
nally, the PPT-7 was not developed for
IWD and therefore may not be feasible
to detect small changes from baseline to
post measurement as in our study. Nev-
ertheless, previous longitudinal studies
showed that ADL performance of IWD
residing in long-term care facilities dete-
riorates over time (Johansen et al., 2020).
Therefore, a small improvement or even
maintenance of ADL performance over
time could be a valuable outcome.
Indeed, our explorative responder-
analysis revealed between 20.2 and 31.7%
positive-responders with regard to ADL
performance in the IG. Nevertheless,
the majority of the participants did not
respond to the MEP (i.e., non-R, be-
tween 50 and 68%). We observed worse
motor performance (balance, mobility,
and lower limb function) in positive-R
compared to non-R. These results imply
that the intensity of our MEP worked
well for individuals with weak baseline
performance. From a training science
point of view, it is crucial to individ-
ually modify intensity of interventions
in order to achieve an improvement
(Bürge et al., 2017; Littbrand et al., 2009;
Littbrand, Stenvall, & Rosendahl, 2011).
Originally, our MEP was designed to be
carried out with increases of intensity of
PE to achieve adaptions in participants
of the IG. Due to the high heterogeneity
of our sample in terms of disease severity,
age, and other personal characteristics,
we had to intensify our safety efforts and
the majority of exercises were carried
out while participants were seated. This
resulted in lower training stimuli and
may be one explanation as to why less
performance adaptions might have been
achieved. This consideration is sup-
ported by the fact that previous research
found positive effects of PE on ADL
performance when PE was provided
in one-to-one guided sessions (Bossers
et al., 2016). Therefore, more person-
centered approaches considering indi-
vidual skills and impairments may be
warranted (Prizer & Zimmerman, 2018)
and an individualization of instructions
depending on the degree of cognitive
impairment may be also useful. These
factors underline the need for individu-
alizedMEPs tailored to the specific needs
of an IWD in order to impact physical
performance and cognitive function.
Indeed, the concept of individualized
medicine which has already become
popular in prevention and treatment of
Alzheimer’s disease (Hampel et al., 2017)
is also transferable to the design and con-
duct of individualized exercise programs
for IWD (Müllers et al., 2019). Of note,
the feasibility of individualized exercise
programs for IWD in nursing homes
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has to be discussed, as time available for
PE programs in geriatric care settings is
often limited. Organizational and struc-
tural aspects from both nursing homes
and health care systems could support
and facilitate the implementation of PE
interventions in nursing homes (e.g., by
engaging volunteers) (de Souto Barreto
et al., 2016). While previous studies
have shown the cost-effectiveness of PE
interventions for IWD in community
settings (Nickel, Barth, & Kolominsky-
Rabas, 2018), the evaluation of costs and
personal resources in nursing homes is
lacking to date. One may only specu-
late that individualized PE interventions
may require more personal resources
at first, but save financial and personal
resources in the long-term if they are ef-
fective. Mobile health applications may
therefore be an effective and efficient
possible solution in the implementation
of individualized exercise programs in
IWD (Barisch-Fritz et al., 2020). In
detail, they may represent an easy to
administer tool that could support nurs-
ing home staff, while conducting PE
interventions with information on exer-
cises, training plans, possible risk factors
or required training material. Further-
more, mobile health applications offer
the opportunity to individually adapt
PE programs for example by integrat-
ing data-based or artificial intelligence
algorithms (Helbostad et al., 2017). Of
note, themonitoring of exercise intensity
may be a further advantage of mobile
health applications. Previous research
used and recommended a combination
of heart-rate monitoring and rating of
perceived exertion (Sanders et al., 2020),
but this was mainly done by research
assistants and may be too time-consum-
ing for nursing home staff. For a feasible
and applicable monitoring of exercise
intensity in IWD, a protocol of exer-
cise repetitions or exercise time, as well
as externally rated exertion by nursing
home staff could be implemented in
a mobile health application. Despite
all these advantages and possibilities
of mobile health interventions, studies
examining their usability and feasibility
of in nursing homes are sparse (Barisch-
Fritz et al., 2020).
Our MEP was originally designed
to primarily improve cognitive function
and motor performance (Barisch-Fritz
et al., 2021; Trautwein et al., 2020),
and to address ADL performance indi-
rectly. PE interventions which include
ADL-specific tasks and take into ac-
count the complex requirements of ADL
performance could be more effective.
Therefore, we investigated the underly-
ing mechanisms of ADL performance
using multiple regression analysis. Ex-
plained variance ranged from 2.4% (E-
ADL) to 51.4% (PPT-7) with statistically
significant coefficients for both cognitive
function and motor performance. The
small explanation of variance in E-ADL
was expected, as the test contains tasks
for upper extremities that were not
captured with our assessment battery
(Graessel et al., 2009). Nevertheless, our
results may contribute to a deeper un-
derstanding of different sub-dimensions
of ADL performance. If relevant cogni-
tive and motor functions are carefully
selected for the conceptualization of PE
interventions, potential transfer effects
on ADL performance could be more
beneficial (Hagovska & Nagyova, 2017).
Our results showed that assessments
for balance and mobility explained the
variance in the BI. For the performance
of the PPT-7, walking speed, lower limb
strength, and memory were addition-
ally important. These results are partly
in line with previous studies (Garcia-
Pinillos, Cozar-Barba, Munoz-Jimenez,
Soto-Hermoso, & Latorre-Roman, 2016;
Portegijs, Rantakokko,Viljanen, Sipilä,&
Rantanen, 2016). However, beyond cog-
nitive function and motor performance,
other factors like having depression or
feeling pain during specific tasks of daily
life (e.g., sit-to-stand transfers) may
influence ADL performance in IWD
(Mlinac & Feng, 2016) and should be
considered in the conceptualization of
PE interventions.
Strengths and limitations
The strengths of our study are the high
methodological quality and the large
sample size. Furthermore, we imple-
mented a MEP that was based on theo-
retical considerations and proved to be
feasible conducted in a sample of IWD
living in nursing homes within a pilot
study. In addition, we designed the
MEP to be highly suitable in everyday
life of nursing homes. Our previously
assumed dropout rate was lower than
expected which may be an indicator
for the acceptability of the MEP in the
participating nursing homes. Indeed,
after the conclusion of our intervention
study, many of the 36 participating nurs-
ing homes continued the MEP and we
received positive feedback from nursing
home staff and participants. Further-
more, nursing staff received special
training to continue the MEP following
the intervention study. This training
included information on how to adapt
intensity level during exercise sessions
when needed. Another strength of the
study was the comprehensive acquisition
of ADL performance using one proxy-
based questionnaire, and two perfor-
mance-based assessments.
Nevertheless, our study has some lim-
itations that must be considered when
interpreting the results. First, we did not
reach the intended sample size of 405
IWD because the number of participants
that did not fulfill our inclusion crite-
ria was higher than expected. However,
a sensitivity analysis (G*Power 3, Version
3.1.9.2) showed that we were still able to
detect small to medium effects. Second,
our intervention program was initially
designed with adjustments of exercise
intensity during the 16-week interven-
tion period. However, due to the high
heterogeneity of individual characteris-
tics of our study participants such as age
or disease severity, we had to increase
our safety efforts and could possibly not
achieve an adequate training stimulus for
all participants. Moreover, the theoreti-
cal recommendation of two training ses-
sions per week (de Souto Barreto et al.,
2016) was only partially feasible within
our study. Hence, we strongly recom-
mend including strategies to support ad-
herence as proposed by van der Wardt
et al. (2017). Another factor that may
limit our findings is that we did not con-
trol foranyother interventions thatmight
have taken place during the conduct of
our study in the IG no CG.Therefore, we
cannot rule out that other social or ther-
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apeutic interventions may have biased
our results. Another limitation is related
to the number of incomplete data sets
which reduced the sample size for statis-
tical analysis in the per protocol analysis.
Especially the BI as a proxy-based mea-
surement filled in by nursing home staff
was less often completed than the other
assessments carriedoutbyour studystaff.
Other reasons for incomplete data sets
may be daily form and mood, depressive
symptoms, other severe impairments or
schedule conflicts. As we did not assess
depressive symptoms with an evaluated
assessment tool, wewerenot able tomake
assumptions about the possible influence
of depression on ADL performance. Fi-
nally, our study did not include a follow-
up assessment or a long-term monitor-
ing of the continuation of the MEP in
the participating nursing homes, so we
do not have any results about the long-
term effects of our intervention.
Conclusion
Our study showed that a one-size-fits-all
MEP is not effective in improving ADL
performance in a heterogeneous group of
IWD. Nevertheless, improving or main-
taining ADL performance of IWD living
in nursing homes is critically important,
as it is related to a better quality of life and
a reduced care effort for nursing home
staff. According to our responder analy-
sis, particularly IWD with poor baseline
motor performance responded positively
to our exercise program, implying an in-
sufficient exercise intensity for partici-
pants with better baseline values. Cog-
nitive function and motor performance
explained up to 51.4% of ADL perfor-
mance with more motor than cognitive
assessments as significant cofounders.
Our results are relevant for further re-
searchas theyunderline theneedfor indi-
vidualizedMEPforIWD, andamorecrit-
icalhandlingwiththeoretical recommen-
dations transferred into practice. Given
the lack of intensity adjustments during
our intervention period, future PE in-
terventions should consider monitoring
theprogressionofexercise intensitymore
precisely. In line with the concept of in-
dividualized medicine, further interven-
tion studies should consider the individ-
ual cognitive and motor impairments of
IWD at baseline or at regular times of an
interventionprogramtocustomizePEin-
tervention content. Furthermore, future
studies should account for the high het-
erogeneityinthistargetgroupwithregard
to disease severity, or cognitive function
andmotor performance status, and iden-
tify more homogeneous subgroups, e.g.,
by performing a cluster analysis. Using
mobile health applications may help to
indicate individual deficits (e.g., in bal-
ance, gait performance) at baseline and
may therefore, present an effective and
efficient solution for individually tailor-
ing exercise interventions. However, this
may only be applicable in small training
groups or one-on-one guided training
sessions. Further studies should investi-
gate the usability and feasibility ofmobile
health applications for implementing in-
dividual exercise in nursing homes. Fi-
nally, studies comparing the effects of an
individualized PE intervention on ADL
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